Natural Convection in an Anisotropic Porous Medium by the Lattice Boltzmann Method with the Brinkman-Forchheimer Equation by 瀬田 剛





Natural convection in an Anisotropic Porous Medium by the Lattice Boltzmann Method 
with the Brinkman-Forchheimer Equation 
 
 ?? *?? ? ????? 
 
Takeshi SETA1 
1 Grad. School of Sci. and Eng., Univ. of Toyama, Toyama-shi, Toyama 930-8555 
 
     The lattice Boltzmann method (LBM) is applied to simulation of natural convection in anisotropic 
porous media based on the Brinkman-Forchheimer-extended Darcy formulation. The generalized 
equation is recovered from a kinetic equation for the density distribution function with a forcing term. 
The temperature equation is calculated by a kinetic equation for thermal energy distribution function. The 
velocity profiles of the LBM show good agreement with those of the FDM for the Poiseuille flow filled 
with anisotropic porous media. For various values of Rayleigh numbers, the solutions of the LBM are 
compared with those of earlier studies in natural convection. This paper leads to the conclusion that the 
natural convection in anisotropic porous media can be simulated by the LBM with an adequate forcing 
term for the Brinkman-Forchheimer equation. 
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Table 1 Comparison of average Nusselt number 
Nu 
No. q  k* Ra FEM(1) Present 
1 0? 0.1 104 1.587 1.592 
2 45? 0.1 104 1.573 1.580 
3 90? 0.1 104 1.579 1.587 
4 0? 10 104 1.106 1.107 
5 45? 10 104 1.119 1.127 
6 90? 10 104 1.106 1.107 
7 0? 0.1 105 3.475 3.465 
8 45? 0.1 105 3.456 3.469 
9 90? 0.1 105 3.499 3.491 
10 0? 10 105 2.761 2.757 
11 45? 10 105 2.853 2.771 










,raa å= k kk fcu  (9) 
 
???????????????(9)????????(9)?








?? 4×100?????e = 0.5??????? Da = 10-3???












???Da = 10-2?Ra = 105???q = 45°??????? k* = ky/kx 
= 0.1?????????????????? 3??q = 0°?
k* = 10?????????? 4????????????




??????Da = 10-2???????q ?????????




















(1) P. Nithiarasu, et al., Int. J. Heat & Mass Transfer, 40-16 
(1997), 3955. 
(2) S. Chen and G. D. Doolen, Annu. Rev. Fluid Mech., 30 
(1998), 329. 
(3) Z. Guo, et al., Phys. Rev. E, 65-4 (2002), 046308. 
(4) Q. Zou and X. He, Phys. Fluids, 9-6 (1997), 1591. 
 
 













(a) Stream function         (b) Isotherm patterns  
Fig.3 Simulation of the natural convection. 












(a) Stream function         (b) Isotherm patterns 
Fig.4 Simulation of the natural convection. 
q = 0°, k*= 10, Da = 10-2, Ra = 105. 
